Abstract This paper focuses on evolution as a unifying theme in biology education. Our aim is to argue that the different topics taught in secondary school biology classes should be enriched with and linked together by means of accounts of the history of life. We named this approach a "natural history perspective" on biology education. An essential aspect of the natural history perspective is the claim that evolutionary history forms the context for the development of an understanding of evolutionary processes. While there are some indications that a natural history perspective can function as a context for understanding micro-evolutionary processes, more research is called for.
Introduction
Evolution is the core theory of the biological sciences, and as such, evolutionary biology makes important contributions to other fields of biology, such as developmental biology, physiology, and ecology. In addition, evolutionary biology makes important contributions to pressing societal challenges concerning the environment, diseases, and food production (Futuyma 1999) . As Joseph Schwab put it in the first Biology Teachers' Handbook (BSCS 1963 p. 32): "Evolution, […] , forms the warp and woof of modern biology."
Within secondary school biology curricula, evolution is and has been acknowledged to be a central and unifying theme in the curriculum. For example, in 1959, the Biological Sciences Curriculum Study (BSCS 1963 (BSCS , 1993 was established by the American Institute of Biological Sciences with the aim of developing a more coherent approach to the teaching of biology. The structure of the teaching materials developed by the BSCS was based on nine unifying themes, one of which was evolution. Joseph Schwab (BSCS 1963) described that in the BSCS teaching material, evolution is treated in three different ways. First, there are specific chapters on evolution as the history of living things. Second, there are specific chapters on evolution as a process. Third, evolution, either as history or as process, is interwoven in all other chapters, where it has a place, for example, in the discussion of cell chemistry, ecology, taxonomy, and so on. Evolution, thus, is considered to be a recurring topic within the curriculum and, moreover, a topic that should be developed through the years.
In more recent efforts to enhance the coherence of the curriculum, a variety of unifying themes have been chosen to connect the various concepts and processes within biology. The Dutch biology curriculum reform project (Boersma et al. 2007 ), for example, has chosen a number of system concepts that can be applied to all biological systems on all organizational levels: the biological unit, self-regulation/self-organization, interaction, reproduction, and evolution. In the German Standards for Biology Education (KMK 2004) , the three basic concepts are: system, structure/function, and development. The basic concept of "development" is subdivided into two concepts: "individual development" and "evolutionary development."
1 These recent examples seeking to enhance the coherence of biology education also view evolution as a central theme.
In present-day biology teaching, however, evolution is still mostly taught as only one topic among many. Students often receive little exposure to this central concept of biology, notably within the USA (National Academy of Sciences 1998), the Netherlands (KNAW 2003) , Germany (Baalmann et al. 1999) , and Sweden (Zetterqvist 1999) . Furthermore, the focus of evolution education is mainly on micro-evolutionary processes; too little attention is given to macro-evolutionary processes and the history of life (Catley 2006; Kattmann 1995) .
In 1973, the biologist Dobzhansky (1973) argued in an article in the journal American Biology Teacher that: "Nothing in biology makes sense except in the light of evolution." This citation is often understood in the sense of: Nothing in biology makes sense except in the light of adaptation. However, Griffiths (2009) observed that this perspective on evolution is a long way from what Dobzhansky meant: "for Dobzhansky himself, biology makes sense in the light of evolution because it only makes sense if life on earth has a shared history." This paper, then, focuses on evolution as a unifying idea in biology education; more specifically, it focuses on evolution in the sense of evolutionary history. We regard evolution not only as a unifying theme among others but also as the one central idea that interconnects different topics within biology education. Our aim is to argue that the different topics within biology education should be enriched with and linked together by means of accounts of the history of life. We named this approach a "natural history perspective" on biology education. An essential aspect of the natural history perspective is that evolutionary history forms the indispensable context for understanding evolutionary processes. This does not mean, however, that other topics within biology education such as genetics, ecology, cell biology, etc. are of minor importance. We only aim to suggest that a topic like, for example, the cell can be enriched with a discussion of the endosymbiosis hypothesis (Margulis 1981) , which offers a historical account of how the prokaryotic ancestors of chloroplasts became organelles in eukaryotes.
The use of the term "natural history" requires some explanation. A quotation from the Origin of Species (Darwin 1964 p. 485-486) expresses why the name "natural history perspective" has been chosen:
[W]hen we regard every production of nature as one which has had a history; when we contemplate every complex structure and instinct as the summing up of many contrivances, each useful to the possessor, nearly in the same way as when we look at any great mechanical invention as the summing up of the labour, the experience, the reason, and even the blunders of numerous workmen; when we thus view each organic being, how far more interesting, I speak from experience, will the study of natural history become! Darwin observed that the study of natural history has a historical dimension. Biodiversity should not be studied as it is-a static natural history-but should include accounts of the ancestral history of organisms-a truly temporal history. Although today, the term "natural history" is still often used in the sense of a static natural history, we name our approach "natural history perspective." We want to retain the term "natural history" because of the many contributions that natural history, the knowledge of biodiversity, made and still makes to the study of evolution (see Futuyma 1998) .
In "The Natural History Perspective," we will develop this natural history perspective further. The natural history perspective presented here focuses on explanations of evolutionary history: narrative explanations or historical narratives (Goudge 1961; Gould 1989; Mayr 1982) . We suggest that the integration of these historical narratives in secondary biology education can provide a coherent context for the teaching of evolutionary theory. In "Teaching the 1 The position of the concept of "evolution" as a subconcept of the concept "development" is problematic. Evolution is not a form of development in the biological sense, and use of the term "evolutionary development" should, therefore, be avoided. The word evolution comes from the Latin "evolvere" which means "to unroll," "to unfold," to reveal, or to manifest hidden potentialities (Futuyma 2005) . It was first used in biology to describe the development of the embryo: "Early embryologists believed that the growth of the organism was no more than an expansion of a preexisting miniature, a process which fits the literal meaning of evolution" (Bowler 2003 p. 8) . Herbert Spencer was the person who popularized the term evolution, using it for all sorts of developmental processes that lead from the simple to the more complex, among others, individual development and the development of life on earth (Jablonka and Lamb 2005) . Today, the general meaning of the term "evolution" (i.e., not limited to the biological context) is simply "change." In biology, however, "evolution" has a much more strict meaning; biological evolution is defined as change in the properties of groups of organisms over the course of generations (Futuyma 2005) . Since Darwinian evolution is not the unfolding of hidden potentialities, it should not be called development.
History of Life," two examples of teaching units will be presented in order to illustrate what such a natural history approach might look like. Questions for future research that spring from the presented discussion of the natural history perspective will be discussed in Prospects for Further Research.
The Natural History Perspective
What? and How Come? Ernst Mayr's three questions used in classifying the different biological disciplines form a good structuring device for explaining the approach to biology teaching that we want to present in this paper. According to Mayr (1997) , biology tries to answer three different kinds of questions: What?, How?, and Why? What-questions were traditionally answered within the field of natural history that focused on the description of the existing diversity of natural phenomena like minerals, fossils, plants, and animals (for a history of natural history, see Jardine et al. 1996) . Research in functional biology, for example, physiology deals primarily with How-questions. How-questions concern the analysis of processes, from the molecular level up to organisms. For example, how does the process of photosynthesis work in plants? It could be said, in contrast to how Mayr defines How-questions, that the field of evolutionary biology is also interested in How-questions concerning the microprocesses of evolution that can be studied today (for example the study of natural selection in Darwin's finches by Grant and Grant as described in Weiner 1994) . However, Mayr (1997) emphasized that evolutionary biology is, in the first place, concerned with answering Why-questions in the sense of "How come?" These Why-questions do not ask for a final cause, a preconceived ultimate goal. Instead, these "Why-questions deal with the historical and evolutionary factors that account for all aspects of living organisms that exist now or have existed in the past" (Mayr 1997 p. 115 Introducing historical narratives in secondary biology education can be a first step toward teaching evolution as the unifying theme that it truly is. There are different kinds of historical narratives, one prominent example being is the tree of life. The tree of life can be seen as the backbone of biology education. The tree of life or phylogenetic tree 2 not only represents the objects of study themselves but also shows how they are related in time. Since the publication of Darwin's Origin of Species, classification of organisms is often seen as portraying the real history of life on earth (Futuyma 2005 p. 22 ). Therefore, the tree of life is not only the answer to a What-question but also constitutes part of the answer to a Why-question: the phylogenetic tree tells a story of how life evolved on earth. In recent years, a growing number of articles have been published lamenting the lack of "tree thinking" within biology teaching (Baum et al. 2005; Gregory 2008; Meir et al. 2007; Catley 2006, 2007) . The authors of these studies observed that phylogenetic trees have become increasingly important in biological research: "For example, the case of HIV/ AIDS, where phylogenies have been used to identify the source of the virus, to date the onset of the epidemic, to 2 A remark by an anonymous reviewer indicated that the usage of the terms "cladogram" (which Hennig called phylogenetic diagram) and "phylogenetic tree" causes much confusion. Both cladograms and phylogenetic trees are branching diagrams that, however, represent different relations between taxa. Cladograms represent sister-group relations (Hull 1988 p. 136 ) and none of the included taxa are recognized as ancestral taxa. Phylogenetic trees, however, also include ancestral taxa and ancestral relations between taxa. Cladograms can be used to generate hypotheses about possible ancestral relations that can be tested by other forms of evidence such as stratigraphical information (Skelton 1993 p. 541-542) . We refer to phylogenetic trees instead of cladograms because phylogenetic trees have an implicit time axis whereas cladograms do not. detect viral recombination, to track viral evolution within a patient, and to identify modes of potential transmission" (Baum et al. 2005 p. 979 ). The authors further observed that although trees have become an important instrument in biological research, tree thinking has not made any significant inroads into science teaching. Their call for more tree thinking in science teaching strengthens our proposal for a natural history perspective in science education.
However, there is more to evolutionary history than the history of ancestry and descent of species. A phylogenetic tree tells only a part of the story of the history of life on earth: it depicts the ancestor-descendant relationships between species, but it does not represent the adaptive history of individual species. That is, a tree does not contain any information about which adaptations occurred in which environments, at which locations, and at which times. Therefore, we want to suggest a broader approach to evolutionary history in science teaching: besides trees, other more detailed historical narratives can make students aware of the history of life and can help them to understand evolutionary processes better. For example, instead of only asking "How does the human eye work?" we should also ask how this specialized organ has evolved and why model organisms like mice can be used for improving our understanding of human eye malformations.
Biologists study among other things, living organisms, their physiology, and how they develop. However, Goudge (1961 p. 62) reminded us that: "organisms are literally historical creatures. Their history is built into them. Hence no scientific account of organisms can be satisfactory if it abstracts them from their concrete history." Thus, no scientific explanation of the organisms living today is complete without the inclusion of their history. Since it is the field of evolutionary biology that studies the processes that lead to organic diversity and that concerns itself with the study of the history of present-day organic diversity, evolution is a central theme in the study of biology.
This natural history perspective appears to be missing in biology teaching: historical narratives have been given little attention in biology education; the Why-question, an essential component of evolutionary biology, is often forgotten when a phenomenon is discussed. If we want to improve this situation and integrate narrative explanation in the teaching of biology, we need to be clear about the problems that might arise and about what we might gain by such an approach. The epistemological value of narrative explanations will therefore be discussed in the next section.
Narrative Explanations
The explanations of particular events in evolutionary history are based on characteristics of organisms living today and in the past. Molecular data and phenomena like homologies (more precisely synapomorphies), vestigial organs, and biogeography provide the support for the hypothetical ancestor-descendant relationships between species represented by the phylogenetic tree. Paleontological and geological evidence provide further support for the reconstruction of the history of life. Based on this evidence, narrative explanations of unique historical phenomena such as major transitional events, for example, the transition from amphibians to land dwellers can be described. A narrative explanation aims to explain these unique events by describing a sequence of causally related events, which have led to a certain outcome (Goudge 1961 ; see also Nagel (1961) and Salmon (1989) ). Gould (1989 p. 283 ) formulated a similar view on historical explanations in his book Wonderful Life. He stated that: "historical explanations take the form of narrative" describing a narrative as: "E, the phenomenon to be explained, arose because D came before, preceded by C, B, and A. If any of these earlier stages had not occurred, or had transpired in a different way, then E would not exist […] . Thus, E makes sense and can be explained rigorously as the outcome of A through D."
An important element of Gould's view of evolutionary biology as a historical science is the notion of contingency (See also Beatty's work on his Evolutionary Contingency Thesis that aimed to further elaborate and defend Gould's thesis, 1995) . Gould (2002 Gould ( p. 1333 explained that:
[A] narrative or historical style that explicitly links the explanation of outcomes not only to spatiotemporally invariant laws of nature, but also, if not primarily, to the specific contingencies of antecedent states, which, if constituted differently, could not have generated the observed result. As these antecedent states are, themselves, particulars of history rather than necessary expressions of law, and as subsequent configurations can cascade in innumerable directions, each crucially dependent upon tiny differences in the antecedent states, we regard these subsequent outcomes as unpredictable in principle […] however fully explainable they will become, at least in principle, after their occurrence as the single actualized result among innumerable unrealized possibilities.
Gould suggested that the outcomes of evolution cannot be predicted from general principles like natural selection and laws of nature alone because small changes in preceding events could lead to a different outcome. Gould (1989) expressed this in his "tape of life" metaphor: if we rewind the tape of life and replay it, the outcome would be entirely different. The outcome can only be explained after the fact in the form of a narrative, which contains law-like principles and, most importantly, historical particulars. For example, modern whales seem to be fully adapted to living in water. However, the fact that modern whales have a rudimentary pelvis can only be explained by including the historical particulars-the details of the explanation, such as the existence of extinct whales, like Basilosaurus, with leg bones, which paleontologists have found (see Thewissen and Bajpai (2001) for a general outline of whale evolution).
Whereas the historical sciences focus on detailed accounts of complex, unique, historical phenomena, most contemporary natural science focuses on general principles instead. The traditional and idealized covering-law model of Hempel (1963) says that an event E is explained by showing that it can be deduced from the particular circumstances or initial conditions and one or more universal laws. For example, the mythical event of an apple falling on Newton's head is explained by a general principle: Newton's law of gravitation, which describes the gravitational force between two masses based on the initial conditions that describe the special circumstances of this particular event, that is, the actual place and objects involved. By citing universal laws, a scientific explanation tries to describe why an event necessarily happened. The explanatory force of this account lies in the described law (Hull 1992) . In contrast, a historical narrative can tell us why an event actually or possibly happened (O'Hara 1988). If we had complete information, a historical narrative could explain why a certain historical event actually occurred. However, in most of evolutionary history, we do not have enough information about the environmental conditions in which adaptations might have arisen. As Hull (1992, p. 71) put it, "in evolutionary biology […] too many contingencies are too important." He therefore argued that the explanatory force of a historical narrative lies in the initial conditions. The general laws are relevant, according to Hull, because they form the theoretical context for the description of the development of the historical entities. Take, for example, the extinction of the non-avian dinosaurs at the end of the Cretaceous period. A number of causes have been suggested to explain this mass extinction event, for example, plate tectonic change or an asteroid impact. The impact theory describes which physical evidence exists for the actual occurrence of an asteroid impact on the Yucatán peninsula at the end of the Cretaceous period. Based on this evidence, Alvarez et al. (1980) hypothesized how this impact caused the Cretaceous/Tertiary (K-T) mass extinction: the impact created a cloud of dust, which blocked the sun and led to the break-up of food chains and ultimately a mass extinction. A single event, the K-T mass extinction, is, thus, explained by describing a possible sequence of causally related events with as much detail as possible and, of course, within the boundaries of natural laws.
The purpose of this brief discussion was to present a short overview of the problems-and their roots in the traditional views of the nature of explanation-that are associated with the use of historical narratives in science. However, for biology education, it is important to realize that, these problems notwithstanding, historical narratives do have an epistemic value. It is clear that a historical narrative, although it is often far from complete, can contribute to a better understanding of historical events. To understand the characteristics, diversity, and distribution of organisms living today, it is necessary to have some knowledge of their history. The required historical narratives give an account of the ancestral history of living organisms based on a detailed description of the particular circumstances in which ancestors of today's organisms evolved. Whenever possible, this should include explicit reference to laws of nature. Historical narratives provide explanations of biological facts; for example, why the non-avian dinosaurs became extinct or the fact that all modern tetrapods have a fivedigit limb structure.
In the next section, we will illustrate the proposed natural history perspective on the basis of two teaching units that were published in a German journal for secondary biology teachers (Baumann et al. 1996; Sander et al. 2004) .
Teaching the History of Life
The Tree of Life An important issue in science teaching that we believe teachers and teacher educators should be aware of, is that "just as beginning students in geography need to be taught how to read maps, so beginning students in biology should be taught how to read trees and to understand what trees communicate" (O'Hara 1997 p. 327). A growing number of studies discuss students' difficulties with tree thinking and classification (Baum et al. 2005; Gregory 2008; Meir et al. 2007; Novick and Catley, 2006 ). We will not discuss this literature here. Our goal is to illustrate the proposed natural history perspective with the help of a teaching unit on classification that was developed for 11-13-year old secondary school students (Baumann et al. 1996 ; see Fig. 1 for a step-by-step description of this teaching unit).
The teaching unit, entitled "From water to land and back," is based on research into students' conceptions of classification. If young students can choose freely, they often use habitat and way of movement as criteria to classify organisms; for example, young students often think that whales are fish and not mammals, as both whales and fish live in water and have similar ways of swimming (Kattmann 2001) . The difference between the scientific way of classification and the everyday classification by students is that there is only one criterion for classifying organisms scientifically, namely the most recent common ancestor (MRCA). The concept of MRCA is one of the evolutionary-history concepts that appears to be difficult to understand for students. For example, students harbor a serious misunderstanding concerning human ancestors: the conception that humans evolved from chimpanzees or gorillas (Alters and Nelson 2002) .
The scientific classification of organisms is usually intended to represent the history of evolution (Futuyma 2005 p.22 ). This means that organisms are not classified into the same group because of the characters that they have in common but because they have a most recent
From Water to Land -and Back
A teaching unit for 11-13 year old students (based on Baumann et al., 1996) 
Vertebrates and their habitat
Step 1. Which animals are vertebrates and which characteristics do they have in common? (Study materials: skeletons, pictures)
Step 2. How can the vertebrates on worksheet 1 be grouped? (Study materials: worksheet 1 shows 17 pictures of different vertebrates.) A historical narrative explains why the habitat of modern representatives of species is an indication for classification. The students are being told the story about how the vertebrates evolved, i.e., that terrestrial vertebrates evolved out of a parent population that inhabited the water. (The students work in tandem on the classification of vertebrates based on their living environment: water, water-land, land and land-air. Problematic cases like crocodile, snake, tortoise, and newt are being set apart.)
Indications of history
Step 3. What is the difference between a newt and a lizard? (Study material: worksheet 2 describes the development of two similar looking animals, a newt and a lizard.) Where do newts and lizards lay their eggs? (The term "amphibian" is introduced for the newt, a water-land organism that lays its eggs in the water)
Step 4. Are crocodiles, snakes and tortoises amphibians? (The students collect information on the development of the different organisms.)
Step 5. Return to the classification of Step 2: Do all terrestrial animals lay eggs? (The statement "mammals do not lay eggs" can be discussed with the help of the platypus -a representative of the monotremes -a mammal that lays eggs in the same manner as reptiles. Worksheet 3 describes the platypus, its way of living and its development. Furthermore it should be discussed that mammals are viviparous and that the egg and embryo develop inside the body. Other characteristics of mammals, hair and mammary glands, are introduced as indications of their common ancestry. It is recognised that classification is based on common descent and not on common characteristics.)
From land to water
Step 6. Return to the classification of Step 2: Are all water animals fish? (Study material: worksheet 4 describes the reproduction and development of the whale. Worksheet 5 describes the historical narrative about how the ancestors of modern whales returned to the sea. Fig. 1 "From Water to Landand Back": A step by step description of a teaching unit on classification developed in the context of the natural history perspective for 11 to 13 year old students common ancestor. But sharing the same characters can be a good indication of common ancestry. Sober (1988 p.x) gave a basic description of the method for classifying the diversity of organisms in his book Reconstructing the Past:
If the organisms we now observe are a consequence of descent with modification, then the resulting tree of life will be such that some species are closely related while others are related more distantly. We do not observe this branching process directly; it is not by direct inspection that we know that human beings and chimps are more closely related to each other than either is to snakes. Rather, evolutionists seek to recover the relationships engendered by this branching process by examining its end product. We observe species and their characteristics; we begin with these similarities and differences and hope to use them as evidence supporting some hypotheses of relationships and disconfirming others.
That is, the principal criterion for classifying organisms in biological science is common ancestry: organisms that share a most recent common ancestor are to be grouped together.
Students need to learn how to use MRCA as the criterion for classification. The first step in classifying organisms is to distinguish homologies (characters shared by two or more species due to their common ancestry) from analogies (characters shared by two or more species, but not due to their common ancestry; Ridley 1996) . Both types of characters could be seen as adaptations to the environment, but only homologous characters indicate phylogenetic relationships. For example, the wings of birds and bats are analogous characters. They are both used for flying, but they are structurally different and, hence, do not trace back to a particular character of a most recent common ancestor of bats and birds.
The teaching unit aims to show that organismal characteristics are possible indications for the history of evolution. The concept of "common ancestor" is introduced to the students as the criterion for classification. A historical narrative explains why the habitats of modern representatives of particular species are an indication for classification. The students are being told the story about how the vertebrates evolved, i.e., that terrestrial vertebrates evolved out of a parent population that inhabited the water. The place where eggs are laid (on land or in water) is introduced as another indication for classification of the vertebrates in the three groups: water (fish), water-land (amphibians), and land (the Amniota: "reptiles," birds, and mammals). The main aim of the teaching unit is to make students understand that the characteristics of organisms, their skeletons, habitats, and ways of giving birth are indications of their history and, through this, how the organisms are related to each other. The whale is included as a last problem case because it is difficult to classify without the MRCA criterion. For students to understand that a whale is a mammal, they need to be told the history of how whales evolved (students who know that whales are mammals have difficulties with its aquatic mode of life and characterize them as "mammal fishes"). The historical narrative about how the ancestors of modern whales returned to the sea explains why the whale lives in water but gives birth to live young and breathes air. The historical particularities provide a possible explanation for this phenomenon.
The historical explanation of these unique evolutionary events, how the amphibians evolved and how the ancestors of the whales adapted to living in water, provides students with a context for thinking about the diversity of organisms, their common characteristics and the evolutionary process. We need to tell these historical narratives not only to illustrate how organisms in the past have adapted to their environment but also how the preceding stages have influenced the result of evolution -the organisms living today.
Earth History and Socio-Scientific Issues
The second illustration of our natural history perspective is based on the teaching unit entitled "Where does oxygen come from?" (Sander et al. 2004 ; see Fig. 2 for a step-by-step description of this teaching unit). This teaching unit links the history of photosynthetic organisms to the history of the atmosphere and to the debate on climate change. The teaching unit shows that the inclusion of narrative explanations in biology education can contribute to an understanding of socio-scientific issues.
Students often think that today's forests should be protected because they are the source of the oxygen that we need for living. This view corresponds with the facts to the extent that the earth's oxygen pool remains intact because of the equilibrium between photosynthesis and respiration: carbon dioxide and water combining through photosynthesis to form carbohydrates and oxygen one way, while the respiratory reaction works in the other way. While the biosphere is in a steady state, no oxygen surplus or deficit results. The earth's oxygen pool, however, is the result of a historical disequilibrium between photosynthesis and respiration. For example, during the Carboniferous period, the terrestrial biomass increased, and some of this biomass became buried, giving rise to the vast Carboniferous and Permian coalfields. With so much organic material taken out of the carbon cycle, significant oxygen surplus was left behind in the atmosphere. However, the first major contribution to the development of the oxygen surplus in the earth's atmosphere was produced by photosynthetic microorganisms, prokaryotic algae, some two billion years ago. The initial oxygenation of the atmosphere was due to the burial in marine sediment of some of the carbohydrate, leaving behind an oxygen surplus. The subsequent rise of the oxygen level in the earth's atmosphere occurred over millions of years until it reached today's value (Cowie 2007) .
In the teaching unit, a historical narrative explains how the earth's oxygen pool came about because of the deposition of biomass in the earth's history. The consequential diminished role of the today's forests as a source of oxygen leads to a discussion of other reasons for protecting forests. This example shows that the natural history approach should not be limited to phylogeny and the organismal perspective but should be extended to the history of Bioplanet Earth (term introduced by Kattmann 2004) . For our understanding of complex phenomena like climate change, it is especially important that we realize that biogeochemical cycles have a history related to organismal evolution.
Prospects for Further Research

Different Perspectives on Understanding Evolution
Research has shown that students often leave school without having acquired a scientifically valid conceptual framework of evolutionary theory (Alters and Nelson 2002) . As the theory of evolution is a conceptually complicated theory, there exists a great variety of-often flawed-conceptions of the nature of biological evolution and its different elements among the general public, high school and university students and teachers. Much research has been undertaken to uncover and describe these prescientific conceptions. For example, conceptions concerning variation and adaptation appear to spring from a predisposition of students to essentialist and teleological ways of thinking (see Gelman (2003) with respect to essentialism; Kelemen (1999 Kelemen ( , 2003 , Poling and Evans (2002) with respect to teleological thinking). The proposed natural history perspective takes the students' prescientific conceptions as the starting point for teaching (see the teaching units in "Teaching the History of Life").
Additionally, it has been suggested that the difficulty with understanding evolutionary theory is related to the understanding of the nature of science. Dagher and Boujaoude (2005 p. 379 ) observed that: "students' conceptual difficulties […] are generally accompanied by a limited understanding of the nature of science." And Rudolph and Stewart (1998 p. 1076) observed that: "problematic has been the tendency for science educators to use the physics model [that is focussed on laws] in the development of curriculum intended to address general issues concerning the nature of science, thus perpetuating a misunderstanding of scientific method that may foreclose the effective learning of evolutionary biology." The proposed natural history perspective
Where does oxygen come from?
A teaching unit for 13-16 year old students (based on Sander et al., 2004 ).
Why should we protect the forest?
Step 1. Why should we protect our forests? The students' answer, that forests produce oxygen, is contrasted with the statement by Lovelock that the value of tropical rainforests is not that they produce oxygen. (Study material: worksheet 1 shows a schematic biochemical cycle. The students learn that only when biomass is deposited an oxygen surplus develops.)
Where does oxygen come from?
Step 2. Why weren't the Carboniferous forests broken down (oxidized)? (Study materials: worksheet 2 describes a historical narrative on how the imbalance between build-up and break-down of biomass came about in the Carboniferous period.)
Step 3. Return to worksheet 1 and explain why the development of coal resulted in an oxygen surplus in the atmosphere?
Step 4. Is biomass deposited today like in the Carboniferous period? (Study materials: a diagram of the historical development of the oxygen content of the atmosphere.)
A world without plants
Step 5. What would happen with the oxygen surplus if we destroyed all the plants on earth? How long can we live on the available oxygen supplies? Why should we protect the forests? Fig. 2 Where Is Oxygen Coming From? A step-by-step description of a teaching unit on ecology developed in the context of the natural history perspective for 13-to-16-year-old students aims to make a contribution to the development of students' views on the nature of science through the inclusion of historical narratives in biology education, thus, showing the role of historical explanations in biological science.
The essential aspect of the natural history perspective is the view that the teaching of biology and especially the teaching of the micro-evolutionary processes of evolution should be embedded within the context of a historical narrative. Studies on understanding evolutionary theory have focused on the micro-evolutionary processes, and although there is a growing attention for tree thinking, we still find that the "history of life" aspect deserves more attention. Catley (2006 p. 779 ) made a similar observation: "it is not sufficient that students learn the nuts and bolts of genetics and natural selection in a vacuum and be expected to 'understand evolution' in its entirety." We should, therefore, ask ourselves in how far the problems with understanding the evolutionary process are caused by a lack of attention to the "history of life" in teaching.
The Role of Historical Narratives in Teaching
Although there is a lack of studies on this matter, there are some indications that knowledge of evolutionary history can be helpful to develop an understanding of evolution. Evans (2000) , for example, studied children's ideas of the origin of biological species. In her study, Evans (2000) showed that there is a positive correlation between the frequency with which children use evolutionary explanations for the origin of species and their natural history knowledge, in particular of fossils, adaptation, and deep time. The measure of the children's understanding of natural history knowledge was based on items that were judged to be critical in the development of an understanding of evolution: fossils (and dinosaurs), adaptation (an understanding that species fit their habitats), and deep time (an understanding that the earth is very old). These results might be interpreted as a first indication for the importance of evolutionary history knowledge as a context for the development of evolutionary explanations.
A second indication can be deduced from the research on the understanding of the concept of "deep time." Deep time or geologic time appears to be one of the fundamental and problematic concepts for the understanding of evolution (see, for example, Dodick and Orion 2003a, b, c) . In order to understand evolutionary processes, we also need to understand the temporal framework of evolution. Gould (1987) Deep time [is] so difficult to comprehend, so outside our ordinary experience, that it remains a major stumbling block to our understanding. […] An abstract, intellectual understanding of deep time comes easily enough-I know how many zeroes to place after the 10 when I mean billions. Getting it into the gut is quite another matter. Deep time is so alien that we can really only comprehend it as metaphor. And so we do in all our pedagogy. Anderson and Wallin (2006) also suggested that evolutionary time should be made concrete, for example, by using the school's longest corridor as a metaphor for deep time. However, other research suggests that the use of metaphors is not enough to solve the problem that students have with grasping the concept of deep time.
The number of studies concerning learners' conceptions of deep time is limited (Dodick and Orion 2003a, b; Trend 2000 Trend , 2001 . Within the framework of a research program on the understanding of geological time across society, Trend (2000 Trend ( , 2001 observed that students and teachers have difficulties in grasping the concept of deep time. The results of his study (Trend 2001) suggest that primary teachers and students appear to perceive geologic time as consisting of several broad time categories and that learners are more comfortable with relative time (ranking geo-events in relation to other events) than absolute time (actual date of an event) within the context of deep time. The huge numbers used to describe absolute time seem to cause confusion with students. Trend (2001) suggested that a curriculum for geoscience should, therefore, be developed based on a sequence of pivotal geo-events, events in the history of life such as: the first occurrence of life on earth; the first life with hard parts; the first fish, land animals, trees, birds, and humans; and the extinction of the trilobites and dinosaurs. Students should be taught to place a selection of these pivotal events into correct periods of time with an emphasis on dates and duration.
The studies by Evans and Trend are first indications that a natural history perspective might provide a good context for understanding micro-evolutionary processes. Evans' study suggests that exposure to evidence that animals can change allows children to develop evolutionary explanations for the origin of species. Trend's study suggests that the inclusion of narratives of unique historical events within the teaching of biology can enable students to acquire an understanding of deep time and, thus, provide students with a temporal framework for micro-evolutionary processes.
Conclusion and Outlook
Within the framework of this article, we focused attention on evolution in the sense of evolutionary history as a unifying theme for biology education. We argued that the different topics within biology education should be enriched with a natural history perspective. Our hypothesis is that the integration of historical narratives in biology teaching enables teachers to connect the different biological topics to one another and to create a context for an understanding of micro-evolutionary processes. While there are some indications that a natural history perspective can function as a context for understanding micro-evolutionary processes like natural selection, more research is called for. Empirical studies on students' understanding of evolutionary theory should, therefore, include "history of life" concepts like "deep time" and "MRCA." We really need to learn more about the relationship between students' understanding of adaptation and their understanding of deep time and MRCA. We find that the historical nature of biology should be given more attention within biology education and research thereof and that the time has come to find out what a historical perspective can contribute to biology teaching.
